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[<=>£bjsl 449-840 

l^±] SJIS gQJAI 4=Xlg g£j*!2S ^gOU^ 102S 1004^ 

[^2J] KR 
[US ft] 

SgH^ll YOO.Cha Young 

[^Eie^Si^] 641217-1254226 

441-460 

i^±] =£S!AI 530&IXI §!ftgJ£lft 203§ 

1302s 

[^Sj] KR 
[gtSft] 

[&S2I S^HJI] CHUNG, Suk Jin 

[^Eie^Sis] 771105-2057716 

[^^hhs] 442-470 

l^±] SJIE =£SiAI ii^ Sli 1051-3 202S 

[5**1] KR 
[4JAh§^] 

[mm mt>\& m2^°\ ^soii °\m mm, m^\^ mo^°\ ^§ 

Oil 2I& SSI^'AI S S^SUCh CH£I£J 
0IS1! (°!) CHEJ2J 
(2J) 

PlgiiS] 20 a 29,000 SI 

P^SSS] 16 a 16,000 SJ 

0 2d 0 SI 

[£JAFS?S] 46 & 1,581,000 §J 

[iMI] 1,626,000 SI 

[S¥A1#] 1. QSfAi- a/dlAH(£e)_1« 
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^sj-H- *r SUfe <££3l ^lS-e) ^>B] ^S«o^* ?1H 7lH£ 

aV£^ aflae) ^2:^^, *V^z\] 7}$;^) is}* ^-g- ^ 

^hS", ^7) 5=^ ^H^l -e-^i^ ^^§>J1 ; ^-71 -fr^ ^j=Lo]j 

L^, ^-g- £^#4 ^-^Kg. <i^^i- ^sltVcf. 

£ 2c 
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^JEafl ofl;E.e| i*}^ ^]S H j-^ {Method for manufacturing semiconductor device} 

£ la ^ £ lb^r MIM ^flsflAlE^ afla^U^ tfl^-a} 7 ^^±S. 

S 2a VH^l S 2cfe 1°H Kf€- di^^ 

£ 6£r ^3 2^1 4^- ^7> #5}-^ if^* u|e|s£ n 

£ 8a £ 8ctt ^A]oi] so\] of a> £ ^ nfls.^ ^w^-l- 

£ 9^r 3^1 ,4^. <^ig-§- -§-7} ^5r^f2l ^1-' uj-Bfvfl H 
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100,200 : «KE.*fl 110,210 : ^^--g- 

120,230 : flrf-f- 130,240 : 4 VJ f #^"8- 

220 : *>3^ 

<15> ^-Br wK£*ll ^lJE-Sl *\}2i^d\} ^ 5j o.^ ( ^.cf ^^l^^S.^ 

f- -&3^-§: 3H= MIM(metal-insulator-metal) ^flsfl^B^ afls^^ ^rtb 

<16> ^, S>3E^ ^J£7> ^7f%Hl 45}, ^}7> *V*l*Hr 

^4. DRAM *i#*Kr 7flsflAlEi^ ^-^151 ^A], f^J 

4, 7fl*W^ (cylinder)^, ^(fin)^ fAS 3*>^ ^Bfls 

^ 3^ S<?H nefl^l^- 44*1^ S^^-i: -f}-^^ 

^Ml* ^Tfl «J-<£, Hfe fe£r 7>*m -H^-# #il J£^r -i-^ 

<i?> o^H, ^ o.^ 7H^ Ta 2 0 5 M- BST((Ba,Sr)Ti0 3 )4 

H^rSL3. Aj-g-^7] <^4. °l^r, -fr^S] ^17} ^S^, E^^S] ^^.S 
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^HS^M itfl^ojcf. olofltq-Bf, JL-fi-^ t£^ #-8-*14-i: 
34-. °a^7> *fl-f fe£r ^(Pt), ^MIteHRu), o^l-dr), «(Rh), J2.^g-(0s)^- 

<18> ^7]^, ^ la ^ £ lbl- ^S^M, ^^^^1 MIM 7flirflAlEi^ ^Sw<HH tflsM 

<19> £ la« %2:*H, 71^(10) *}Jf #^-g- S.*d#(20)* ^*V4. 

^ £^#(20)^^ ^Irtb 44 ^Mlir, 

°1 °l-§-€ ^ &4. ^ 3^-§- £^^(20) -£^4 <m* «-<H ^>44 

(30)* ^^4. 4% v # #S)-4(30)^ ^1 al^^ ^-Efll- oje^t!- 34- 

#(^7> ^Vsj-Bi- ^)oi <I4*>4. ^ ( E};lHf ^s}-4(30)# 34-, -n- 

^7>*>4 if^ <go}-^ §.^ 7 > SatJ-. olofl^Bf, ^*Hfe E}||. a> 

5}4(30)3 ^^5}-7l- 44 ^ -8r,£ U*H*1 ^d#* 7fl^*}7l 4 ^ 3 5* ^ 

3* ^IWJI °14^ 34 ^<H, ^ 600°C £5. ^4<>fl4 

^(N 2 ) ^-^7lS 4W ^ &4. 
<20> £ lbl" 34 41-1" ^44(30) #4" 44"§~ JE 

4#(40)# #4tb4. #4- #^-§- £^i#(40)^ 44- *l^-g- £#^4 -^oi 
°l-g-€ ^ &4. ;M444 ^H3# ^344 44<^, 3"4- £##(40) ^ 

444(30)* £4 4444. °H44, 44- #^-(20)4 ^ Jf^g-o] ^#^4. 
je*I^(40)4 44-S- 4:44(30)4 4^H4 34 ^4°-^- -fr^^r 
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Efl^l- fliW, l^e] ^1W. ilelli *l-Fr-g- 1*13 <^1# 

§<H, ^ 400*05) a>^(0 2 ) 7}^ £^7l5. #*3€4. 

<21> H&K, ol^o. ^sflo^ Mm ? ll3flAlE^ ^S^H^, -fi-^-g- f^Kr ^ ^ 

W ^^Wir ^ °1M Z}-Z}- -tiV^o]: H}7] 

34. ^, 3^ 1*13 ^W"4, ^^H^ to, ^§*1*H ^cflsU, 

5L<*t-ol ^flolai ^H) ^ 5A4. 

<22> tcf^, ^o] o]=^> t}^ 7}^*\ 4^1^, ^aM* 4 s #5131 

<23> -S-71 €■ 7l^^ ^*>7l 3*H, £ &*$en 4 = ^ 

, #5131 7l^ 0 Hl ^ 3^-g- 5=£f-g- #7l «hf #^-g- 5l*I# 

-¥■ £^"8- £ -fr^-i" ^ ^ ^^JlM-^, ^"71 ^-Y #^-g- 51*d^4 tt 

<24> je^:, t^^l 4€- ^Al^ n}^ a>£.^ ^flS-E) ^7>2^ afla^^:, p^, aV 

5131 7l^ c Hl ^ ^f## ^-71 ^ #^-g- 51 ^ tf-M 

^^8: ^^hS", ^"71 EJ-^ A>^.n| Aj-uo]) AT- a. ^.g. <§^4. H 

^ofl, ^7l Aj-w. ^^--g- £ ^ * Aj- 7 j H^-eV- AVsj.nKg. ^ ^Al Al^Jl, Aj- 

71 #^-g- 51^#4 ^-s}-^ Tfl # iieflif «<M #*H, #71 #1: 
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<25> ^7)^, # 7 j <g^£) ^"71 tiVS^l ^%^r SJ= 450 ifl^l 600 ^ 

S-^H Hl*^'7>i ^-^71^ *H 1 1^511-. ^^Kr #7fl, ^ ^71 *V51*1] ^4 
«■■§■ ^ 350 vfl^l 450 °C Si £rS.°lH ^ if- 7}+ &$)7}S. afl 2 I^BjSj-fe ^}S. 
^€ <r U^ilSfe ^-71 til-IE^] 7l^r ^ 450 ^^1 600 °C 

5) ^£^1^ 7>i ^7lS. 1^1- ^51 SiJl, SE^r, ^"71 a>£^)l 7l# ^-41" 
* ^ 350 tfl^] 450°CS) ^SolH a_v^ £ ^ 7 j-^ ^7]^ 1 ^^5^« ^a]^^, 
41-71 «V^^1 7^ ^ 450 vfl^l 600 M -Srlil^H «1 7>i £^7] 3. *fl 2 

^JL, #J=Lo|) Hj-^-f- A^nl-^ ^gV^tf-g-, A o > 7] ig-EHg. 

<27> o]ic|], ^- 7 ] ^^^] c^l^, ^7) tiV£^l 7]^: ^^-1-^- ^ 650 vfl*l 700°CSl 

6) ]^ ^7}S. *\] 1 I^S^Rr #7^, <$7] tiV£^l] 71^; ^ 350 

ifl*l 450 "C^ £-JE<>iH -t>i if- 7>>i -g-^7]3. 4 2 <£x\zl*}^ &7))g. *r 91 

4. 5E*K cf^ 1*1 el ^^-^-S.^ ^-71 aVi^ll 7l^r ^ 650 vfl^l 700°CS] ^ 
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350 vfl*l 450°C3 #± if" 7>i ^$7)3- Xl 1 #7l 

JEX] 7l# ^ 650 ^H*l 700°C^ ^H^H 7 >i «-fl7lS XI 2 ^^5^1" 
^« ^ 31^. 

^>J1, #7l *d^4 £^ tf-M ^« ^s}-^ ^]H.f-^ Aj-71 ^ 

1-1- tfs^ *lHf-g- ^s^h}. #7) ItiM- AjOjLofl 

#3-^ #^*>3l, #7] A o^ ^-8- ^^"W 

^71 *d^-§- £ ^ ^ £^ M- 

<29> olnfl, Aj-7] ^^e) ^Xl^r, Aj- 7 ] >2h£X] 7]^ 9= 450 ifl*l 600°C^ 

6j|^ 7 >^ ^7ls X| 1 Mem 2l^*Hr #X14, #7l £JEX1 7}& m^#^r 

ej= 350 vfl^l 450°C^ ^r£^Ai Aj-^ if- 7}+ &$7]3. X] 2 l^e)* #*8*Kr 

<30> #7] ^ Aj A )o^ XI 1 52 XI 2 MB] #X]^7 <?1 Aj^S. ^SRr *W 4^*]*} 

-S, ^-7] 1:%AJ 7}^ o}S^.( Ar ) t£i=. ^^(N 2 ) 7}^<£ ^ Aj-71 ^ 

if- 7>^fe aV^ 7>i(0 2 ) i£^- ^> 7>i(N 2 0)^ ^ 584. 
<3l> Aj-71 Ej-^f- Aj-^-^-cq ^c*^. 30 60A j=*fl S ^ oJ JLj Aj- 7 ] i£ 

^l^#-8r 650 vfl^l 750 °C <l*)e)*H ^sJ-^4. 
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<32> #7] *fif ^-g- «^(Pt), M^(Rll), oW&ilr) , S#(Rh), iLt-fr 

(0s)4 ^S}^ *>M-S. ^€ ^ SU, ^ 

£ -8-71 ^ ^-g- 2E£f^ i-^s. ^ ^4. 

<33> SEtb, -8-71 3r%# ^Vs)-^ 380 ifl*1.500TC3 ^r£°fl^ S**h 7l# f^^S. ^ 

£- ^Hl«-8r ^ 7}*1 cf€- Sfl^ , ^3 ^7} 

^^*>7l *||^£H*lSr ^Jojcf. n}eM, 3E^4H3 -fi-i^ ^ ^.Cf 

^^-i: 7J- S «5r}7l ^o]T^ f £^>5HH ^^*V -*fJiJL 5*1 £ iLi 

Ait ^I^IW. Stb, ^ %>*] # HL-^r «KE*fl 71 ^ "^"^1 $14 

51-J1 7l7fl5]ir ^-fofl, <^ ^7l # ti>S.^l 71^-ofl ^ ^ €^fl 

<35> (^AHl 1) 

<36> £ 2a Vfl7l £ 2CT7 £ 4€r MIM ?fl sfl ^ A d^^>7l A 

<37> £ 2a* 71^(100) W<*| *I^"g- E^UlO)* f^W. 

°H, £-£*il 71^(100)^8: ^l* #<H £^ S^^l^El, WlH e}- ^1 * 7\2\o\ as.^- ^ 

^ Sicf. ^-g- 110) Jli^ ^l-l- «J^r 
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7} °fl-f ^ u -^(Pt), ^^-(Ru), o)sl-§-(lr), 3.#(Rh), J^#(0s)f-s] ^-#o) o] 
^ Sa^f. #^-§- £^^(110) ^ofl -fr^^S. ^VS^OW^O)^ 

#^ V W. fi-l-f- #S|-^(120)£r 380 ifl*l 500 "C^ £H*IM 7]^- ^ 

^ -£^#(130)^- ^ ^-g- JE^UIO)^ ^4. 

<38> £ 2bl- % 1 -3b*M, ^-g- H*1#(110H #JjJ- #^-g- 

(130) ^ -H-^^(120)-§- ^tH^f. olufl, ^.g. £ ^^(i30) ^ AV^nV 

(120)^ £a1 ^4 tij-Aio] ol-g-^cf. o]e^ ^ai Alz}- « o VAiofl o^H, ^ # 

^-g- J£#^(130) ^ ttf #2^(120)^ ^#^4. 
< 39 > 4-g-, £ 2c°fl A o VJ f #^-g- S.#^(130)4 #3^(120) 

<40> oH, olE^ g^a] tfj-tt^ ^ ^« ^ &t}. 

<4i> *\^ t 450 vfl*] 600 ^JE ^ 7}^ £-^7HH 30^- 

*ll 1 <a^V ^ 350 450°C^ £rE ^ ^tM0 2 ) S.^ 7}^ 

7)c)}*] <* 30-g-# *fl 2 1*1 3* 9X^m, 7% 1 33"). 

<42> atb, ^^-S.^, ^ 450 vfl^l 600 M f£ ^ H]*^ 7]-^ ^-^71 °\)*) 30 
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<43> 3c cfs. o.^, 350 vfl^l 450 °CS] ^ ^(0 2 ) £^7H*| 

^ 30§-# A 1 ^.^\^L, 9= 450 600r^ ^ «l«Hd 7>^ 

>M 30^ afl 2 ^Bl* ^ Sa4( 6 l*l-. *H 3 oflJL 

< 44 > *fl l vfl^l *fl 3 5a°H, 7}i£r ofll- , oj-i^CAr ^ 

4i(N 2 ) i^- 7}i7} o]-g-^ ^ SI 51, ^ 7}^±r *±M0 2 ) SE^r ^^>(N0 2 )°1 4 
-§-€ 4 s #4. 1 ^ ^ *fl 3 oflsj *fl 1 1*13 ^^12 1*^7} <y A]fl.(in 

situ)S ^ , oi^o] 

o)7}^ «m, 600°C °HMM ^^B]# ^<8*>7ll ^ Sl^-g- 5i^#(130) £ 

4t# 120 H t>i7} ^SM, 500 °C 1 S^fe £^7H]a) ^ 

500 °c o)#$n <g*)s^ *]W£<% 7>^ ^7HH 3*8*Kr w>^*m. 

°H, *l| 1 <4| ^ *H 3 Tjo., *fl 1 <g*]B) * *q 2 «1^^7> Alfl.(in situ)S. 

<46> oisq.^ ^3 £ 4t# ^j-^ ^z^ofl ^fa|o 

3. 5)5.5., ^ ^^-g- £*I#(130)4 t^tt" ^^-(120)^ 7)1^ iS^t *1 
o.^C-fl -g-oj^- fi£n> o>u)2f ( E^f- #3^(120)^ 2n#^ -g-^H ^3 
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<47> ojrrfl, £a1 44^1 <I4e)# 4^4^ 4°^, 4fM- 4:444 -n- 

^-irolM- -a| 4^1 S-47> 44 &tt4- °H 444 ^4 £3|£4 

1- *44 ii-4 4>*fl4 ^4451 44. 

<48> E 3^ ^ 1^4 ^Hl i(*)] i ofl 44 *q 3ofl)6fl E^f- #444 

^7} 4-443 ¥*fl* 44^ ^ = 44. a. £^0^ ^Hflcj] 1^ AT--^ ^Efl 7l#o)l 

a o^AS 4143: ?H444# 44^4. 

<49> Aj- 7l ZLHflH<^] 444, ^2fl4 W]HsrH 1" «fl , 4 3-§-4#4 44 ^4 

€ ^ 444 ^efl ^ofl - 7 |. Aj.5j.ni. -^71- 44 %.<£f;}t±. o]^ § 

^4 ^-i" 44 144* ^*Rr 4"444, £ ^444 £o] #4 44^ <ai; <! 
44« ^*JSRt 44 2-¥, 41"# #443 44^°)14£r 44 §-44^ 4444. 
<50> *V^ ( £ 4^ aJaHI 1(4] 1 4 44 ^1 3 4)4 44 ^44 4444 

4 ¥4 4^* 44^ £ 2144, 4^4 3-g-4l:4 4€- 4 

511444 ¥^ ^7> ^efl 4#4 4^ 444^4 ^4 ^-^.4 i*]^ ^ 

$14. 41-4, ¥4 4ff-4 444 (base-level :B)4 &44.£, ^4 4-§-44 4 
€: 4 ¥7} ^4 7l^ofl hi 44 ^Tfl 444^, ¥4 4^7} 44 ^4471 444¥ 4 
n 44(take voltage)^ &4451 ^4 aJ-IMI^ 4^-7l- J±4 44444. 
<si> 444, £ 3 ^ £ 4^1 4444 1- 4, 4444 44 l^sl* 4^4¥ ^ 
¥, 44-§:(¥7} 444)3 ATg^A-i^ ^eH4 44 ^^*>jl, ¥4 4^3 ^44 5U4 
4¥ *efl 4^1 444 €^4 ¥¥4534. 4*14 ^t4¥, 4444 #4 444 
4# ^44¥ ^tf 4444 ¥« 4* 44444 ¥ 4¥ 444 
44W-. 4, 44 44-t 4:444 ¥*ll« 4444^4 ^4°11 °14fe ¥^ 
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, ^1 £ 5<%*\$ «4|E^ ^71 7|| 2 ofSJ ^ofl <2}*H ^"71 ZlEfl 

£1 Sl^, £ ^HH 4f 7fl^AlBl-i-^: <£3K25°C,85°C,125°CH1 4 

<54> f^sf 7>*m>M, ^efl icf^ ^ ^ 

#^13, -n-g-ifM- -asm ^ 

<55> (^A]ofl 2) 

<56> a. ^aHI^ a o > 7 ]^. ^ A ]ofl £ 2a ^ S 2b*W3 ^£ *^1*H, £ 2c ^ 

l^s] -^£^°1 ^-f ^-2.3., &7}& 3c. 2a i^H^l £ 2c» #S«H 

-a A l °fl 21- -M^}^ ^Cf. 
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<57> £ 2c<HH<2f go], #Jf ^^-(130) g ^^(120)# 33 ^^*Vcf-§-, # 

£^^(130)^ ^rlrl- #3^(120)^ Tfl^ il^lif Q 
^^(120)* ^SM^M I^B] ^-g: ^Al^Vcf. 

<58> oje^l <g^B] tfoj:^. tiJ-Alo.^. ^ olcf. 

<59> Ol 650 ifl^l 700°C^| ^ 7>i £^ 7HH ^ 30^-# 

*fl 1 *H8*|-jL, ^^ 6 > ^ 350 450°C^ ^(0 2 ) 3.® €fl 

<60> £ ^- f 4= ^o^, 650 700 "C^l ^£ ^ ^-^71 ^ 

i 7>i ^7HA] 30^- ^ &nK°l*h *H 5 

<6l> S 4^ ^-2-5.^, 350 ifl*] 450 M ^S. ^ ^(0 2 ) 7>i 

3= 30-g-# *fl 1 1*1el» ^^*>Jl, ^ 650 vfl*l 700 ^ 7>i ^7] 

J££r ^(N 2 ) S# 7}^ *fl7]4M $J= 30^- ?i 2 ^ $Zt|.(6l§> 

6 oflS. 3 

<62> o] nfl, *)] 4 6|) * ^1 6 ^ *H 1 1*]E) * *fl 2 1^e)7> A^fCin 

situ)S ^ ^cf. *1M^ ^h1(£a]s|^ oj^oi 

<63> £ *V t ^Ajoj]^ ^ ofls-ofl^, 7}i^r <>y = «(Al0 HL^r €^(N 2 ) 7> 

^7> ^>-§-€ ^ i^" 7}iSfe ^(0 2 ) Sfe ^>(N0 2 H A>-g-^ ^ 

oleitb 1*1^ £3 *m ^<H1 ^l^slS-S, aj-«. ^^-g. £^^(130)2)- 



36-15 



1020020073820 #^ 2003/2/12 

^^"(120)^ 711^ ii^lif -g-o]^- J£o_V oj-q^, Ej-^-f- xy-sj. 

^•(120)^ ^#^1 €-«H 1°1 ^^H, ^^(120)^- ^SH^. 

<64> ^a>^o.S <£s^ w>^- f^-f- ^^-(120)^- 650°C °1^HH ^^\?}t\} 

^^M: ^, 650°C ^£<>1H o^^- Al^^l s)^, -f^-§-8r 

<65> £ 6^ ^ 2(^1 4 tfl^l ^ 6 oflH itj-ej- t§A^ E^ig-ig- ^^-^ 

^ #31, ^^fr 650°C I^SH ^^M^fe #741, tf-SjL ^ 

C]-^, AjJjL ^^-4 E^^- # AV^nV^ 3 a} A]Z]-^ cf^l * ^ B^f- 
^7> ^*fl» ufB}-fl4. ^71 ZLeflSo]] <q^ f ^- ^Al^o^ ^-g-ofl^ofl 

^€ f-7> ^S)-*]- ¥*ll(10.5A,10.5A,13.8A)^r ^HlH 2(^ 9AH1 til*}^ 
^ 0.5. Y^RK zz. aH 7 }- ^= l tfl^l 3A°\] ^#*V ^eJHl 1( 

14AH1 ^tj.. ^n Si ^-^i^ofl £1^, ^Hl<2] ^-§-^1 

<66> ^ ( £ 7^. a. igj-^cq aJa^ 2(^1 4 ofl ifl^l 6 oflHl refe^- ^flsflAlE^ 
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^ sa^ ^ ^2}, -a-^^ - oix} 

<68> (41*H 3) 

<69> S- 8a £ 8cfe ^a]^1 3^ n^s aV£^ nfl^e) ^]S H o V ^ 

<70> £ 8a» % V S*H, w>£^ 7l^-(200) 4 VJ f°ll *}* #^-g- £^i#(210)# 

^ H^i^(210)^-S^ <« <U^7> nfl-f «fl#(Pt) ( ^^(Ru), 

(110) <£3^ ^l^#(seed layer :220)-|- <^1# 30 60A 

^av^-c}., o^a^ ^1^^(220)^- ^ 650 tfl^l 750°C^ ^£5. ^cf. ojnfl, *j 

^(220)^r ^<5lS.S ^-71^) -£r£^H ^Al^>ofl 

<7i> £ 8b<*(| £A]^ £o] t *1_EL#(220) W^ll ttfM" ^2^(230)* f^W. 

^t-§- ^5)-s]-(230)^r 380 ifl*l 500 M £r£<HH s\-^ 7 R> f^^AS %<%*t ^ ^ 
. °H, ^3r€ *]l=^(220) ^-^l ^^-(230)^ f^M, 

(230)^ £3-8* ^ ^ cf^-, ^^-(230) -iHM 3^-g- £ 

#^(240)-§- ^^W. ^ 3^-g- -£#fK240)£- «H*- *i^-g- £^^(210)4 
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*r fli}. £ ^7>H tfSW230)-g- f^Kr #314, W 

5L##(240)# f^Vfe- #31 *>°H £W ^^-(230)^ 3-3* 7fl^> 

<72> £ 8c^H4 W #^"8- £^(130)£r ^ ^^-g- 51^(110)2}- 

MS. 3^ ^ ^ ^^-g- Sl^UlOH #^-§- £ 

^(130) ^ -^^^(120)^ ^4*4. <>H ( ^--x Sl^-fr 5-^(130) ^ ^VSV 
^(120)^ ^z^g- *]z}- h 0 >^]o1 ol-g-^cf. oje-ltb *H ^4 a <H°ll #4 
#^-•8- £#^(130) ^ #3^(120)3 #^o] i^#^cf. , #^-8- £^ 

^(240)4 ^^"(230)^ Tfl^ iSJllit ^*H1 Wfl- 

(120)4 -fr^-i" 4«H £ €*HHH4 ^^e] 

4 450 xfl*l 600 M ^£ g »UHd 7>>i §.fl 7 HAl 4 4 1 

I^Bl* ^WJL, <£t£°\ 4 350 vfl*l 450°C^ ^ ^(0 2 ) 7>i &S)7)°]) 

^(N 2 ) if" 7>i7V a>-§-^ ^ SX^v] t Aj-ai 2.^- 7}iS^ ^(0 2 ) ^(N0 2 ) 
°1 <r $14. <t7]*\, A 1.^ *H 2 1*1 4 *i «j-Aiofl ^«g^. ^ 

Sft4. 

<73> ol4£°l ^1^^(220)^1 4*H Ej-Tg-g- A>^sv(230)# ^^*>J1, 3*] ^14^ 

<74> ^, £ 9^ #^4 ^AHl 3ofl 4^ Aj-^nl-oj -7). AVsj.nl- = ufB}- 

ZLHflSS.A-1, ^Efloj) 3 ^ = *§s§is}±r ^l^#-ir ^^^1 7l^ #741, 
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^Ht^. 3^- til^^^- nfl, ^A]^o| -71- 7^ ^ 

<75> *V^ ( T£ £ ^AHl 3d\) 4f 7HsflAlE^ ^ ^^-1- M-EM ^Zfl* 

<77> o]Aj-6flAi *H1*1 W>fif ^o], £ ^ofl -fr^-fr #3}"tb ^ -fj-^ 

-¥- ^4 -8-^3 Tim il^fli f-^l -B-^^v 7^5)- ^ °- ^ 

<78> olofltr)-^, t^sl ^°1 ^ fl-S-S-S, ^H^o] o}^ 

<79> ^-g-a}, ^5fl^ ^-^^-1: 7M^, #Sfl^Cf^ HJ-^^V 
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<80> ojAV M. H>^^ ^Al^l- ^o] ^}*}7)) £ #71 

^Al^ofl ^S^] -g- 7^ Aj-^o} ^ 6]) X] ^ ^0)0]^ 

Al^. 7> ^] * H ] c^ei 7^1 7]-^^Cf. 
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1] 

#7l ^ #-^<Hl -fr^-a- f^sHr #711; 

#7l -fr^ #^6|1 #« ^.g. ^aj-^ ^1; 

#?1 #^f ^-B- 5L*}^ £ 3r*dn^ ±^ 3=l« ^1; *J 

#7l #^f ^q-g- £^^4 -B-^ei-i- g*lel* *H8«Hr ^ 
^i^-S. ^ *flfi.el ^7>a) ^12:^. 

[^t 1 * 2] 

#7l til£^l 7l# fif 450 tfl*l 600 °C^] -&£<>1H Hl*^ 7Vi ^7lS. 

*fl 1 ^*Kr £31; 

#71 *K£xfl 71^: ^2f#^- 350 vfl^l 450 M ^JE^H 2$t £^7l 

3. *\) 2 g^BjSHr i£7\m £^Rr ti>5L^l nflSel ^l^V 

^. 

13 t 1 * 3] 

*fl 2 %H1 9X°]*\, #71 ^>Jf ^#-g: f^*Kr ^711^, #71 -fr^-g- ^*Hr 

£31 A>°H, 

#71 ^ #^-ofl #71 -fr^tq- *1j=## #^>fe £7j); $ 
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#7] -8-^5V *]^## ^^Sj-A] ^7j)# S^*H=r ^^-S «VH^11 

[^^fr 4] 

# 7 ] a> £ ^ 7 ]3g. ^41-^. 450 tfl^j 60 o°C^ £-H<*IM al%# 7}i £-^7] 3. 

7^ ^^°-S. u>£^ cfla^ rM-s] ^fls^. 

$7] aVS^fl 7l^r 7l3fl-^- 350 ifl*l 450 ^H^H #± s.^ 7}+ &$)7) 

#71 «K£*fl 7]# °f 450 ifl*l 600 M Hl*# 7>>i ^7lS. 

*fl 2 ^B^Hr ^11- SL^Hr ^ 5-3-2.3. €r>^ ti}:E*ll nflo.&) afl^^. 
[^t 1 * 6] . 

1 #7] 1^51 #7^, 

#7) #£*H 7l# ^ 650 ifl*l 700 TC^ ^H^H 7 >i ^-^71^ 

1 1^*Rr #741; ^ 

#71 aVS^ll 71^- 350 ifl^l 450°C^1 ^r^H 5L^- 7>>i ^7l 

3. *\) 2 l^srKr #7)1-1- if-*Rr 3# f^'H #5131 i£e] dt7>5] *fl2:« 0 > 
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[^^* 7] 

#7] «V£*ll 7l# ^ 650 ifl*] 700 M £rJE*IH 7>>i £-^7] 3. 
I^SUr Sf^SLS. HVS^fl °fl2-el ^7}S] ^2:*8-^. 
[^t 1 * 8] 

#7] a>£^l 71^ ^ 350 ifl*l 450 M aV^. £ # -g-^7l 
£ ^ 1 ^elsttr £31; £ 

^-71 tilS^l 7l^r 650 ifl^l 700 M ^S^H 7>i £-^7]3. 

2 <i^5l*m if-SRr ^ wVJE^] ^15.5^ ^12« 0 >^ . 
9] 

*ll 2 ^ 5 ^|6^-^^8^^ # %H1 5d<>H, ^7l *fl 1 g 
2 #7})^ <?] A]^(in situ)S. ^*3*Kr ^HJ riflae| i4 

10] 

*)1 2 *)1 4 %\ 5 6 *fl 7 ^ XI 8 *J- ^ ^ ^Hl 

*KE*fl Dflae) ^>6) ^tg-^. 
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IQtt HI 

*fl 2 5 *<h 6 ^ n ^ 1 8 f f *V %H] 91°]*], $7} if- 

7}^ ^ 7>i(0 2 ) ^ 7>^(N20)<el 3J^T ^iLS. <5>^r H>£^1 nflH.^ ±7\$] 

i^^ty 12] 

^1 1 *M SI*]*], ^7] ^-g- £*d^-& a -^(Pt), ^jMj^(R u ), ©lell-dr), 

^£^1 ^la.^ *fls«o Vl £. 
13] 

14] 

15] 

f^AS ^*Kr ^-fi- ^^.S. S>*r ^^« 0 ^. 
1 3^ 16] 

f^'^S ^ «>£^1 ^7>^ ^l^aj-^. 
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17] 

^71 ^.g. A^nV^. ^zV^ fe 

^-71 Ej-^rf- tfJjLofl Aj-u ^#-g- f^Rr ^1; 

> 7^ 

71 ^# #sj-^ ^^7l7l 1*13* #*8*Rr S^H, 

A o v 7l ?i*t# I^b} ^ -B-^l^ ^-g- ^ til£ 

31 °11S. ^ afla^S. 
18] 

^ 17 ^Hl 5a*H. -8-71 <i*1e) #7)1^, 

#7l aVS^ll 71 J& 4^#^r ^ 450 tfl*l 600°C^1 ^E^H 7>i ^-^7lS 

^1 i ^el* *!*8*Hr ^1; ^ 

#7l tiVExfl 7lt 9= 350 ifl*l 450 M ^ofl^ ^ *<$ 7 ) 

3-4 2 I^SHr ^7^11- S.^}^ ^-i- ^ tfVE*fl Bfls.^ 4i7>£l *fl2:Hh 

^. 

19] 

17 lH Sl^H, Aj. 7l ^ fe> 
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#7} w>3E^)l 71^- 450 ifl*l 600 "C^ ^S-^a-] 7 fi &$\7]3, 

£*M*Rr ^#£-3. *Hr ±7\S] A}2i^. 
20] 

^-71 i&Hafl 71^: ^g-g. 350 450 £-£olH ^ 7 >>i -g-^7l 

S. 4 l t^sHr #3); ^ 

^71 aV5L3] 71^- 9= 450 600 M -^S^H H)^ 7>^ ^-^7lS 

21] 

^1 18 ^ lE^r 20 ^7\ A 1 £ A] 2 #31^ <y Al^(i n 

situ)5. ^sRr ^-i: *KE*fl ^fe^. 

22] 

18 * 20 # ^ %H1 5^1, ^>7l 1:%^ 7>i^ o}=^(Ar) 

^(N 2 ) S.® 7}+°± ^ ^"£^1 ^7>^ ^12:^-^. 

I^T 1 * 23] 

18 £^ A 20 SH-H, ^7l ^ 3% 7}^ ^Vi 7>^(0 2 ) ^ 

7j-i(N 2 0)^l 53 # *m #5^1 *H2^. 
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l^^ty 24] 

*fl 17 *<M1 5a°H. #7} a}*?- ^(Pt), ^M)^(Ru), 

(Ir), S.#(Rh), J2.i^-(0s)4 ^ ^ *>M-S. <8^£|fe ^ 

I&JESQ nflS. E] ^1-^ 

I^T 1 * 25] 

^#*Rr f^As *m ^5^1 ^issi ^>^i xiabU-^. 

26] 

f^ilS. ^#*Rr 3^8: ^8.2.3. ^ til-S.^1 ^S-Hj i*}^ 
[^^J- 27] 

®5L%] 7l^Hl ^ #^-g- #7fl; 

^ #^-g- ^6fl a>5).^ f^SKr c^]; 

-S-71 Hj-l^f- f^Rr ^ ; 

#71 #JjL ^-g- £ #7] E^l-f- A>^nV # ^ « £ ^ A)^^ ^Tjl 

#71 ^-g- 5=3^4 i^f- #s^<*l 31^ il^lif ^H, # 

71 ftiJ-f- tfa^-fr ^3^1 71 7l fl«H l^s^l- *!*8*Hr ^Xl* £#*Hr 53 -i- ^-^ 
-2-5. ^DS-bI ±x\$ . 
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IQtt 28] 

*fl 27 %H1 5a°H, #?1 ^3 #31^, 

#7l te^l 7]# £3|-#-g- 2f 650 tfl^l 700 "C^l £^713. 
*)1 1 ^sl^ #31; * 

#71 «>S.^1 7l«r ^41-^- 9= 350 ifl*l 450 M £5.011*1 ^ if- 7>i §^7l 

3. ^fl 2 g^SKr i^Hr ^31.2.3. nflS-Sl ^7}-°l *fl2:«o V 

13^* 29] 

>fl 27 %H1 $H*1, a o v 7 ) C^jv^ 

#7] H>£^1 7]^- ^ 650 ifl^l 700°C^ ^rS^A-1 Hl#^ 7>^ -gr^lS. 

I^BlSRr 3^ ^.2.3. S}^ tijri^l *fl5.E) ^7>^1 *11S«<Hj. 
[$^* 30] 

*ll 27 %H1 $W>H, #71 t^el #31fe, 

#71 tiVE^l 7m ^41"^- 9= 350 ifl*] 450 °C£] ^r^H 4hfc. if" 7>i ^7l 

a *fl l <g^Bl*Kr #31 ; ^ 

#7l tiK£*fl 71* ^ 650 ifl*l 700 M ££.<>IH 7>i £3 7] 3. 

2 I^S^Rr #?fl* If^b 3^ Ij-^iLS ^ a>£^l ^S-Ej . 
31] 

all 28 EE^r *fl 30 $1<H-H , #7] 7)1 1 ^ 7)1 2 <^e) <?] ^3 # 

*3*Rr ^HJ.2-3 Sfe tiVE*fl tflS-el ^ls«J-^. 
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I^T 1 * 32] 

28 ^x] 4 30 ^ *<H 5a°H, #7l 7>i^ o>e^-(Ar) 

EE^r ^(N 2 ) S# 7>>i<?l ^lo £ ^ tiVs^l 4^^. 

33] 

*fl 28 D- E£fe 30 Sl^H, #7) ^ i^- 7>i^ 7>i(0 2 ) ll 
# 7j-^(N 2 0) < ?! ^ilS m^S.^ i*}<i| ^H^. 

I^Jt 1 * 34] 

4 27 *<M1 &<>H, #7l ^ ^i^-g- ^(Pt), ^liHRu), o]^W 

(Ir), S-f-(Rh), ^f-(Os)^ ^-#1-^ ^S)^r *>M-S. *§>8s]Sr ^ 
<L3. ^H^l *\)3.&i i^S] . 

35] 

*11 34 %H1 Sl^i, #71 #■¥■ ^i^-g- #7) *B*- **^-g- H^f^ 

^*Kr 3-§- ^'li tiV£^l ofl^el afla^. 
36] 

27 %H1 $1^^, #7] ^-s^Kg- 380 ^*1 500°C^1 ^rS^H sj-^- ^j- 

37] 

#71 *)-Jf #^"§- #^ofl ^uvoj ^r^g- tg^Rr 

#7] #5}-^ *U=#-g: ^sHsRr #31; 
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l^sHS *|-# #^41 tfs^-t- f^Hr #31; 

^71 ^#f- AjOjLo]| ^.g. ^SV^ fe c^]; 

Aj- 7 j AV« £ ^ E^f- ^3^0. ± ^ ^ Alz}-^ ^-Tjl; ^ 

A oM ^ A^-g- £#^4 7^ il^lif Wfjf ^A^, Aj- 

5. *K£*fl ^lasl 4l7]-^ 7)1 2:*^. 

13^*8- 38] 

^1 37 *M 9X°)*), <gx\B) &n$r, 

^7) ti>£^l 7)& ^4#^r 3= 450 600°C^1 ti]%Aj 7 ]-^ ^y}S, 

A 1 ^el* aI^Kt #7j|; 

tili^ll 71^- ^^1-^: ^= 350 M]A] 450°C^ -gr^jAi AJ-^. 5^ 7^ « 0)7) 
S 2 lA^sr>^ ^TJllr Ifeffe ^ til^l pflaej ^7>^ 

^. 

39] 

Sffe «V£xfl ^12.^ ^a>2] ^lS^. 
40] 

*fl 38 5a<>H, Aj-7] 7f^^r 4=^(Ar) HL^r ^(N 2 ) if" 7>^<>1 $ 

-g- -^^.S. *}^r wVS^ll ^l^^^. 
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41] 

4 A 38 %H] 5a°H, ^ 5L^- 7>ife *hfc 7>i(0 2 ) 2^ 7>i(N 2 0)°J 

^-8: ^'AS a>£^)] ^JES] . 

MJt 1 ^ 42] 

*fl 38 *<H| 5H°H, -*7l #3^3 *lJEL#£ 30 60A 

^SLS. is}^ «V£*ll 1£5] di7>^ ^1^«>^ . 

[3^$ 43] 

*fl 42 %H1 Si^H, iJ-^-f. xy^-vv 650 vflx] 750°C <I*iB^> 

<>\ ^-i- S^jO S ^ tiVc^ nfls.^ A3z^ . 
44] 

*)1 37 %H] &<>H, *Hf ^(Pt), ^MIttCRu), <>lH]f- 

(Ir), sLf-(Rh), 3.^-§-(0s)4 7 ^ ^ §>M-5. 3}-§- ^ 

O.S sr>^ *\}S.?1 XlSU-^. 

[^■7* 45] 

M*Rr ?A^r f^os s}^ «V5L^1 uflS-Sl ^7}^ ^S«o V ^. 
MJt 1 * 46] 

*ll 37 ^-ofl 5a°H, Elrtf- ^2)-^ 380 500 M ^i^l^ ^ 7]^ 

f^^AS ^*Rr ^ Sfe a}5L^ ^2:«o V ^. 
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